We evaluated histomorphological findings in 92 surgical resection specimens of locally advanced esophageal adenocarcinomas after neoadjuvant cisplatin-based chemotherapy. Tumor response to neoadjuvant chemotherapy was determined using a system encompassing three tumor regression grades based on the estimation of the percentage of residual tumor tissue of the primary tumor site in relation to the macroscopically identifiable previous tumor bed. The significance of this system was validated by correlation of the tumor regression grades with the corresponding clinicopathological characteristics and patient survival. Seven patients (7%) had complete tumor regression (grade tumor regression grade 1), 48 patients (52%) had subtotal or partial tumor regression (tumor regression grade 2: 1-50% residual tumor), and 37 patients (40%) had minimal or no regression (tumor regression grade 3: 450% residual tumor). Tumor regression was significantly associated with posttreatment complete tumor resection status (UICC R0 status; P ¼ 0.016), tumor category (UICC pT category; Po0.001), and with the absence of either lymph node metastases (P ¼ 0.001) or lymphatic invasion (Po0.001). Survival analysis showed a significant prognostic relevance of the applied regression system in univariate (Po0.001) and multivariate analyses as a single independent factor (P ¼ 0.024). We conclude that the effect of preoperative chemotherapy in esophageal adenocarcinomas can be assessed by the determination of histological tumor regression, providing highly valuable prognostic information, which may even exceed the prognostic impact of the current TNM classification of these tumors. Therefore, we strongly recommend the implementation of a standardized tumor regression grading system in pathological reports of esophageal adenocarcinomas treated by neoadjuvant chemotherapy.
Esophageal adenocarcinoma is increasing rapidly in frequency. 1, 2 At present, it is the seventh leading cause of cancer-related death in the western world. 3 The most common therapeutic approach to treat locally advanced esophageal adenocarcinomas (Barrett's carcinomas) is a multimodal treatment with preoperative Cisplatinum/5-fluorouracil-based chemotherapy or radiochemotherapy, followed by resection. [4] [5] [6] Recent publications have suggested that this treatment concept increases patient survival when compared with surgery alone, 7 despite the fact that in B50% of the patients, no measurable response is achieved. 8 In clinical practice, it is accepted that patients who respond to preoperative treatment have significantly improved survival than do those who do not respond. However, no generally accepted standardized clinical or histopathological response evaluation system has been established so far. Histological tumor regression after chemotherapy is believed to be an important objective parameter and has been shown to have prognostic value in several studies. [9] [10] [11] However, the determination of histopathological tumor regression in these studies lacks comparability because tumors are treated differently and specimens are processed and graded differently with respect to regression.
In this study, we present our diagnostic procedure for resection specimens of esophageal adenocarcinomas after neoadjuvant chemotherapy with a standardized macroscopical and histological workup, considering and highlighting the specific characteristics of tumors after treatment. For evaluating tumor regression, we applied a scoring system encompassing three tumor regression grades. 12 The clinical and prognostic value of this tumor regression grading system is shown by the correlation with clinicopathological parameters and patient outcome, thus warranting the recommendation for the implementation of a standardized tumor regression grading system for an accurate and prognostic relevant classification of tumors after chemotherapy.
Materials and methods

Patients
A total of 92 patients were enrolled in this study. Each patient had locally advanced (cT3/4cN0-1cM0/1a) esophageal adenocarcinoma, (adenocarcinoma of the esophagogastric junction type I according to Siewert and Stein 13 ), which was proven by biopsy, and underwent neoadjuvant chemotherapy between 1994 and 2002 at the Department of Surgery of the Technische Universität Mü nchen. Pre-therapeutic staging procedures for confirming cT3/4 categorization included endoscopy, endoscopic ultrasound, and computed tomography of the chest and abdomen. None of the patients received additional radiation therapy. Patients who had undergone previous chemotherapy, radiotherapy, or endoscopic laser therapy were not included. The study protocols of neoadjuvant treatment were approved by the Institutional Review Board at the Technische Universität Mü nchen.
Patients were treated by at least one cycle of concurrent cisplatin-based chemotherapy, followed by either esophagectomy or gastrectomy. Patient follow-up assessment was performed every 3 months for the first year and at 6-month intervals thereafter. Overall survival was calculated from the first day of chemotherapy application.
Morphological Evaluation of Tumor Regression
The 92 resection specimens were evaluated according to a standardized protocol. After photographic documentation, a 1:1 photocopy of the resection specimen was made ( Figure 1 ). The entire macroscopic identifiable tumor or the area with scarring indicating the site of previous tumor (the tumor bed) was measured and cross-sectioned serially at 0.5-cm intervals and embedded completely (median: 11.2 sections; range: 9-18). Tissue sections were stained with hematoxylin and eosin. Selected slides were additionally stained with Elastic van Gieson stain to distinguish between tumor desmoplasia and scarring, as a result of chemotherapy showing textural disarray different from desmoplasia. Periodic acidSchiff stains and immunohistochemistry for cytokeratins (one slice) helped to distinguish signet ring cells from histiocytes, which was necessary in four cases. In cases of initial failure to detect residual tumor cells, additional three step sections were performed to confirm complete tumor response. The resection margins and lymph node stations were evaluated separately.
The tumor specimens were typed and graded according to the guidelines of the WHO and were classified according to the Lauren type, analogous to the classification of gastric adenocarcinomas. The extent of the tumor (TNM classification) and the completeness of the resection (R-status) were determined according to the UICC guidelines. Tumor involvement of lymphatic vessels was classified as either absent or present. The grading of tumor regression in response to chemotherapy was based on an estimation of the percentage of residual tumor tissue in relation to the macroscopically identifiable tumor bed of the primary site of the tumor. The slides were reviewed separately by two pathologists (KB and RL). In case of disagreement regarding tumor regression grading, both pathologists Tumor regression after chemotherapy in esophageal adenocarcinoma reviewed the specimen under a double-headed microscope and reached a consensus diagnosis. The following system of tumor regression grades was used: grade 1, complete (0% residual tumor), grade 2, subtotal and partial tumor regression (1-50% residual tumor per tumor bed), and grade 3, minimal or no tumor regression (450% residual tumor per tumor bed) (see also Tables 1 and 2 ).
For initial raw data analysis, subtotal tumor regression (1-10% residual tumor per tumor bed) and partial tumor regression (11-50% residual tumor per tumor bed) were evaluated separately. On the basis of the observations that failed to render any significant prognostic difference between these two groups (given as Supplementary Data), these subgroups were subsumed for definite analysis in the final regression system.
Statistics
Associations between tumor regression grades and pathological features were evaluated by w 2 tests and Fisher's exact tests. Survival analysis was performed using Kaplan-Meier estimates, log-rank tests, and Cox's proportional hazards regression analysis. All tests were two-sided, and the significance level was set at 5%. For all statistical procedures, SPSS 16 software (SPSS, Chicago, IL, USA) was used.
Results
Patients
The patients had a mean age of 56.6 years (range: 25-79 years). There were 6 women and 86 men. A total of 61 patients received chemotherapy with cisplatin/5-fluorouracil/Leucovorine, with 19 of those individuals receiving additional paclitaxel. Seventeen patients received chemotherapy with etoposide/adriamycin/cisplatin. Fourteen patients received some other cisplatin-based chemotherapy. Esophagectomy was performed in 59 patients, and gastrectomy (transhiatal extended) was performed in 33 patients.
Histopathological Classifications
Preoperative tumor biopsies showed adenocarcinomas, analogous to the Lauren classification of intestinal type in 65 cases (70%), of diffuse type in 6 cases (8%), and of mixed type in 21 cases (22%). According to the current WHO classification, most cases (68 cases; 73%) were of the tubular/papillary type and 11 cases (12%) were mucinous. The remaining cases contained three signet-cell carcinomas, one adenosquamous carcinoma, one carcinoma with neuroendocrine differentiation, and eight undifferentiated or solid carcinomas. Tumor grading was G1 in one case (1%), G2 in 31 cases (33%), G3 in 48 cases (52%), and G4 in 12 cases (14%).
Postoperative tumor categories were ypT0 in 7 cases (8%), ypT1 in 9 cases (10%), and ypT2 in 19 cases (21%); therefore, a tumor down-categorization from cT3 to ypT0-T2 was observed in 35 cases (38%). A total of 57 tumors (62%) were of the ypT3 category. Lymph node metastases were present in 57 cases (62%). The mean number of lymph nodes resected was 25.6 (range: 11-66) and the mean number of lymph node metastases was 4.6 per case (range: 0-30). Lymphatic invasion was detected in 58 cases (63%). In all, 63 patients (69%) had complete tumor resection (R0-resection). Of the 29 patients (32%) with incomplete tumor resection, 16 had positive circumferential margins (17%), 3 had positive circumferential and distal margins (4%), and 2 had positive circumferential and proximal margins (2%). In three patients, there was the presence of lymphatic vessel invasion and/or lymph node metastases within the resection margins. In five patients, the circumferential margins were highly suspicious for being positive (RX; 5%). Tumor regression after chemotherapy in esophageal adenocarcinoma
Chemotherapy-Related Histomorphological Findings
Histomorphological features, which were generally characteristic of chemotherapeutic treatment, included marked, partly transmural fibrosis with occasional scattered residual tumor glands at the periphery of the tumor bed (Figure 2a-c and h ), foamy histiocytes (Figure 2e-g ), acellular mucus lakes (Figure 2d) , and vascular changes, including endangiitis obliterans and organizing thrombi (Figure 2i ). With regard to the centrifugal tumor regression, areas close to the lumen consisted of tumor-free fibrosis in the central, superficial portion of the tumor bed with discontinuous islands of residual tumor in deeper, more peripheral areas. Using the regression system described above, seven patients were classified as tumor regression grade 1, which could be confirmed in all cases by step Tumor regression after chemotherapy in esophageal adenocarcinoma sectioning as described above. A total of 49 patients had subtotal or partial tumor regression (tumor regression grade 2), and 37 patients had minimal or no regression (tumor regression grade 3) (Table 3) .
Correlations Between Histological Tumor Regression and Histopathological Classifications
Tumor differentiation grading and histological tumor typing based on either the Lauren classification system or the WHO classification system showed no association with tumor regression (P ¼ NS). ypT category was associated with tumor regression. In particular, there was a significant association between tumor regression grade 1-2 and tumor downstaging to ypT0-2, whereas more than half of the patients with ypT3 were histologically minimal or nonresponders (Po0.001). Tumor regression was also associated with the absence of lymph node metastases (ypN category; P ¼ 0.001) and with the absence of lymphatic invasion (Po0.001). Finally, patients with minimal or no tumor regression more frequently failed to have complete tumor resection (R0; P ¼ 0.016) (see Table 3 ).
Survival Data
The minimum follow-up time for surviving patients was 6 years. Five patients were lost to follow-up.
The 5-year survival rate was 42%, and the median survival period was 36 months (range: 5-144 months). All seven patients with complete tumor regression (tumor regression grade 1) are still alive. The median survival age was 51 months (range: 6-143 months) for patients with tumor regression grade 2 and 16 months (range: 5-104 months) for those with tumor regression grade 3.
UICC ypT category (Po0.001), UICC ypN category (Po0.001), lymphatic vessel invasion (Po0.001), UICC R-status (P ¼ 0.004), and tumor regression grade (Po0.001) were found to be significantly correlated with survival, by univariate analysis. Higher tumor differentiation grade (G1/G2 vs G3/ G4) was also associated with prolonged survival (P ¼ 0.017) (Figures 3 and 4) .
Multivariate analysis that included ypT, ypN, lymphatic invasion, resection status, and tumor regression grade showed histopathological tumor regression as having a single independent prognostic significance of P ¼ 0.024 (see also Table 4 ). In addition, patients with ypT3 tumors and a tumor regression grade 2 had significantly better outcome with a median survival of 40 months (range: 8-113) than did patients with tumor regression grade 3 in the same ypT category with a median survival of 12 months (range: 5-105; P ¼ 0.024). These results did not change significantly when excluding patients with known distant metastases (M1a; n ¼ 13) at the time of surgery.
Discussion
Neoadjuvant (radio)chemotherapy is being increasingly used in the treatment of locally advanced esophageal adenocarcinomas to improve patient outcome. This approach may increase local resectability rates and eliminate distant micrometastases. 4, 5, 14 Although the benefits of this concept still remain controversial, the results of the recent randomized British Phase III study, which showed a survival benefit for patients with perioperative chemotherapy when compared with surgery alone, 4 have recently been confirmed in clinical practice. 6 In this study, we investigated the importance of a standardized and complete work-up of tumor resection specimens to accurately determine the histopathological regression of locally advanced esophageal adenocarcinomas after neoadjuvant chemotherapy. We used a homogenous collection of patients to achieve standardized conditions for pathological analysis. The most common neoadjuvant treatment of esophageal adenocarcinomas at our institution was cisplatin-based chemotherapy (without radiation). 5, 14, 15 Therefore, patients who were treated with additional radiation for Tumor regression after chemotherapy in esophageal adenocarcinoma exceptional reasons were not included, nor were those with therapy discontinuation before completing one full cycle of chemotherapy included.
Histopathological examination of the posttreatment resection specimens revealed morphological changes that have been described previously as being typical of chemotherapy-induced changes in adenocarcinomas of the gastrointestinal tract. These changes generally represent a pattern of subacute inflammation, and in addition decreased tumor cell density, acellular mucus lakes, foamy histiocytes, fibrosis (especially in the submucosa and muscularis propria), dissolution of glands, giant cells, and cytological changes, such as apoptotic bodies and intracellular vacuoles. 8, 12, 16 Furthermore, tumor regression showed a centrifugal pattern with tumorfree fibrosis in the central and superficial, luminal portions of the tumor bed and residual tumor in deeper areas of the periphery; although tumor regression was associated with tumor downstaging of the ypT category in more than half of the patients, the remaining tumors with a partial regression (tumor regression grade 2) still had a ypT3 category. These findings confirm the need to work-up the whole tumor bed to detect scattered tumor residuals that are important for determining an accurate tumor category and regression classification. In addition, these observations may explain differences between clinical and histopathological estimation of tumor regression, given that superficially tumor-free areas after chemotherapy may actually harbor larger amounts of residual tumors in deeper areas of the tumor bed. For determining tumor regression after chemotherapy treatment, we applied a three-score tumor regression system for the primary site of the tumor which was originally introduced for gastric cancer with slight modifications. 12 We have successfully applied a similar scoring system to esophageal squamous carcinomas 17 and rectal cancer, 18 and have shown an objective prognostic impact for total or subtotal tumor regression after neoadjuvant (radio)chemotherapy in these tumors. Three-tiered regression scoring systems have also been used for larger retrospective studies by others. 19, 20 Moreover, a high inter-observer reliability for those systems has been shown, with those systems equally applicable to both squamous cell carcinoma and adenocarcinoma. 21 After 15 years of diagnostic experience, we favor this scoring system in clinical practice over the widely used regression system described by Dunne et al 16 and Mandard et al, 22 which includes five tumor regression grades, based on the percentage of residual tumor in relation to therapy-induced fibrosis. A scoring system of three grades seems to be more easily implemented, more reproducible, and stronger and clearer with regard to prognostic impact.
Using this tumor regression system, we showed a significant association between the degree of tumor regression and postoperative ypT, ypN, and ypL (lymphatic vessel invasion) classification, as well as between the tumor regression grade and the rate of total tumor resection in esophageal adenocarcinomas. Similar results showing a clear survival benefit for patients with complete tumor response have been obtained by others in studies focusing on esophageal adeno and squamous cell carcinomas after (radio)chemotherapy. 9, 11, 17, 19, 20, [23] [24] [25] In this context, we would like to point out the important role of the presence of lymphatic vessel invasion in our study, as it had a similar prognostic impact as lymph node involvement. This is in contrast to what has been observed in primary resected esophageal carcinomas, in which lymphatic invasion has been shown to be of minor prognostic importance when compared with squamous cell carcinomas. 26, 27 However, some differences from other studies in esophageal adenocarcinomas can be noted, most of which can be accounted for the reports of complete tumor regression rates of 420%. 9, 19 This may be because of the fact that additional radiation may enhance the rate of local total tumor regression. In addition, it is also possible that these discrepancies in the rates of 'complete' tumor regression are actually due to a histological work-up of the resection specimens that is less extensive than our processing standards. In addition, reported clinical data for complete responders after radiochemotherapy show 5-year survival rates of approximately 60-70%, 20, 23 which is lower than those of our study, in which all patients with complete tumor response are still alive.
The most striking result of our study is the fact that our tumor regression system seems to have a stronger prognostic impact as the current TNM system for tumors after neoadjuvant chemotherapy. Results of other studies of both esophageal squamous cell carcinomas and adenocarcinomas treated by preoperative radiochemotherapy also indicate that the degree of histopathological tumor regression after preoperative treatment may be a better predictor of clinical outcome than the above-mentioned classification systems. 20, 23 In our study, we confirm these findings for esophageal adenocarcinomas treated by chemotherapy without radiation by univariate and multivariate survival analyses, showing the degree of tumor regression after chemotherapy as the only significant independent prognostic factor compared with the ypTNM classification and the resection status of tumors. Moreover, one major point seems to be the observation that in the same group of patients with ypT3 category tumors, there is a significant prognostic difference between patients with tumor regression grade 2 and those with tumor regression grade 3. This strongly highlights the importance of even a partial tumor regression. 
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In most other studies-which are mentioned above-the prognostic impact of partial tumor regression remains unclear, especially given that there is no consistent definition of a partial response between various studies, nor in the work-up of the resection specimens. Given that all seven patients in this study with complete tumor regression are still alive, complete tumor regression after chemotherapy is the most favorable prognostic factor. However, our results strongly emphasize the importance of even a partial tumor regression for patient survival, such that there is a separate intermediate prognostic category that can be used for these patients.
Taken together, our findings may help to better define clear subgroups of patients with a potential differential clinical course that may have a benefit from individualized risk-adopted aftercare and additional therapeutic considerations. Furthermore, our results may be of high importance for scientific research, in view of many studies that rely on having accurately characterized patient cohorts. One example would be studies that aim at identifying any molecular markers that can predict the response to (radio)chemotherapy, especially in the case of esophageal adenocarcinomas, for which there is still a significant number of patients who do not respond to neoadjuvant (radio)chemotherapy, as shown in this and other studies. 8, 9, 23 A valid and reproducible classification of tumor response should be an indispensable and substantial tool in research aimed at identifying and verifying molecular markers for response prediction.
In conclusion, standardized determination of histopathological tumor regression provides valid prognostic and clinical correlations. Not only does this classification have an immediate impact on pathological and clinical practice, especially when considering risk-adopted therapeutic decisions, but also for furthers research in the field of response prediction and individualized treatment of esophageal cancer.
